As U.S. manufacturers face an increasingly competitive global business environment, they seek opportunities to reduce production costs without negatively affecting product yield or quality. Uncertain energy prices in today's marketplace negatively affect predictable earnings, while increasing energy prices are driving up costs and decreasing their value added. Energy efficiency can be an effective strategy to work towards the socalled "triple bottom line" that focuses on the social, economic, and environmental aspects of a business. In short, energy efficiency investment is a sound business strategy in today's manufacturing environment.
The Energy Guides are researched and authored by Lawrence Berkeley National Laboratory (LBNL) in partnership with ENERGY STAR and participating focus companies. The Energy Guides are used by energy managers to identify areas for energy efficiency improvements, to evaluate potential energy improvement options, to develop action plans and checklists for plant-level energy management, and to educate company employees on the importance of and actions for improved energy efficiency.
LBNL developed an Energy Guide for the cement industry as part of the ENERGY STAR Industrial Focus on cement making. 1 This Energy Guide contains an overview of industry trends and energy use as well as detailed information on a large number of energy efficient technologies and energy management practices applicable to a cement plant (see Box 1). This article provides a brief summary of information contained in the Energy Guide.
Box 1: The Energy Guide for Cement Plants
The After China and India, the U.S. cement industry is the largest in the world producing 99 Million metric tons (Mt) of cement in 2005. Cement is produced in two steps. First clinker is made by burning a mixture of raw materials (mainly limestone). The clinker is then ground and mixed with other materials (e.g. gypsum, limestone or additives such as fly ash or blast furnace slag) to make cement. The industry is made up of integrated plants that produce clinker and grind it to make finished cement, and cement plants that grind purchased clinker and additives. In the U.S., there are currently no stand-alone clinker plants. There were 115 operating cement plants in the U.S. in 1999, spread across 37 states and Puerto Rico. The top-10 leading companies produced over 80% of the cement in the U.S. Cement companies in the U.S. produced $8 Billion of cement, while the cement market in the U.S. represents a value of $10 Billion. The majority of U.S. cement capacity is owned by multinational companies. Production rates per plant vary between 0.5 and 3.1 Mt per year.
Clinker and cement production experienced gradual growth since the 1970s, with prominent dips in the late 1970s and early 1980s (see Fig. 1 ). Within this slow production increase, the composition of clinker production changed significantly since1970. Clinker produced with the energy-intensive wet process decreased from a 60% share of total clinker production in 1970 to a 16% share in 2004. Clinker produced with the dry process increased from a 40% share of total clinker production in 1970 to a 78% share in 2004, with the remaining 6% not classified as wet or dry process. Cement production increased from 69 Mt in 1970 to 99 Mt in 2005. Cement production grew more rapidly (1% average per year) than clinker production (0.8% average per year) between 1970 and 2004, due to increased use of additives and increased clinker imports. 1 9 7 3 1 9 7 6 1 9 7 9 1 9 8 2 1 9 8 5 1 9 8 8 1 9 9 1 1 9 9 4 1 9 9 7 2 0 0 0 2 0 0 3 Production (Million tonnes) clinker cement
Energy Use
The cement industry is one of the most energy intensive industries, with energy representing 30-40% of production costs. In 2004, the U.S. cement industry consumed 531 TBtu of primary energy.
Energy consumption in the U.S. cement industry declined between 1970 and 1999. Primary energy use decreased at an average of 0.3% per year, from 556 TBtu in 1970 to 531 TBtu in 2004, although production increased over that time span. Since the 1980s the use of waste derived fuels is growing in the cement industry.. By 2004 over 12% of all fuels were waste derived fuels, e.g. tires, solid and liquid wastes (solvents), which is low compared to some European countries. The trend towards increased use of waste derived fuels will likely increase.
While fuel is the main energy input in the cement making process, electricity use is still considerable. In 2004, the cement industry consumed nearly 14 TWh of electricity (or 11% of total energy inputs, on a final energy basis). Electricity use is a considerable cost exceeding $617 Million per year. On average the U.S. cement industry consumes 142 kWh/metric ton of cement.
The major end uses of electricity in the industry are summarized in Figure 2. 3 Electricity is mainly used for drives, of which the motors used in grinding processes and kiln drives are the key energy uses. Combined all drives consume about 80% of all electricity. Of the drive systems, compressed air is a relatively small end use, estimated at about 6% of the industry's electricity use, or nearly 850 GWh (equivalent to an estimated cost of over $40 Million/year, or enough to power 80,000 U.S. households).
Compressed air is used in many parts of the plant for many uses including silo control, on-site transport of raw materials to the kiln, baghouse collector filters, air knives, dedusting and, especially, in wet process clinker plants in the mixing of raw materials to prepare a slurry that is fed to the kiln. 
Best Practices for Compressed Air Systems
Despite the small share in electricity use, compressed air is an area where low-cost but relatively large savings can be found, as evidenced by some of the ENERGY STAR partners. Compressed air is by far the most costly energy carrier in almost any facility. Many opportunities to reduce energy consumption in compressed air systems are not prohibitively expensive; in fact, payback periods for some options (such as improved system maintenance) can be extremely short. Energy savings from compressed air system efficiency improvements can typically range from 20% to 50% of total system electricity consumption. 4 The Energy Guide for cement plants provides detailed information on a number of proven, cost-effective measures for improving the energy efficiency of compressed air systems. A summary of the efficiency measures discussed in the Energy Guide is provided in Table 2 .
Information on best practices for compressed air system energy efficiency was compiled by LBNL from a wide variety of sources from various programs (e.g. U.S. Department of Energy, U.S. Environmental Protection Agency), industry, and national and international sources.
Often, plant and energy managers do not have the time, budget, or resources to obtain such detailed information on efficient technologies or improved efficiency practices. This lack of information can be a major barrier to industrial energy efficiency improvement at many U.S. plants. The aim of the Energy Guide is to reduce this information barrier by providing plant and energy managers with a concise source of state-of-the art information on energy efficiency measures applicable to their plants, while also arming them with enough basic information to understand the potential energy and cost savings associated with each measure.
In the discussion of each energy efficiency measure, the Energy Guide typically provides:
• A brief description of the efficiency measure, including any limitations on applicability • An estimate of typical energy savings associated with the measure • An estimate of typical cost savings associated with the measure, including the simple payback period associated with any investments • An industrial case study to illustrate successful application of the measure, when available • References to publicly-available sources of additional information Plant and energy managers are encouraged to consult the references and tools recommended in the Energy Guide to facilitate a more in-depth assessment of the applicability of any given energy efficiency measure to their specific plant. 
